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Human-carnivore conflict is a global challenge with complex and context-specific
causes and consequences. While spatial analyses can use ecological principles to
predict patterns of conflict, solutions to mitigate conflict must also be locally adaptable,
sustainable, and culturally-sensitive. In Nakuru County, Kenya, rapid development and
land subdivision have exacerbated conflict by isolating wildlife in protected areas
that are increasingly adjacent to human settlements. In an effort to understand local
perspectives on carnivore conflict, and to apply this information toward locally-based
conservations actions, we conducted gender-stratified interviews and participatory
mapping sessions with 378 people in 16 villages near two ecologically isolated protected
areas in Kenya: Lake Nakuru National Park and Soysambu Conservancy. Specifically, we
developed a method for associating interview responses and demographic information
with spatial participatory data to examine how local perceptions of conflict compared
to spatially-explicit records of livestock depredation in the region from 2010 to 2018.
We mapped kernel densities of recorded and perceived risk of human-carnivore conflict
and then tested for potential social and ecological predictors of divergences found
between the two datasets. Mismatched hotspots of observed and perceived risk of
conflict were correlated with several ecological and socioeconomic factors. Regions with
higher NDVI exhibited more perceived conflict, while the opposite held true for verified
conflict. Road density was positively correlated with both types of conflict, and both types
of conflict increased closer to protected areas. Livestock ownership, visitation to Lake
Nakuru National Park, if the participant’s child walked to school, and male gender identity
were associated with more perceived conflict reports. Education level and national park
visitation were associated with more positive attitudes toward carnivores. Our results
show that while observed and perceived conflict may ultimately be equally important for
understanding and managing human-carnivore conflict, they may be driven by markedly
different social and ecological processes. We suggest that integrating the spatially explicit
experiences and perspectives of local communities with more traditional ecological
methods is critical to identifying lasting and socially just forms of conflict mitigation.

Keywords: human-carnivore conflict, risk perceptions, conservation practice, participatory mapping,
socioecological
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FIGURE 4 | Geographically weighted logistic regression coefficients for clusters correlated with (A) national park visitation by participant, (B) national park visitation by
participant’s child(ren), (C) whether participant perceives carnivore-related threats to their children on their way to school, and (D) nighttime livestock guarding, in
relation to attitudes toward carnivores across locations of perceived livestock predation.
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FIGURE 5 | (A) Total verified conflict reports, (B) relative proportions of carnivore species reported over time, and (C) relative proportions of reports regarding threats
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TABLE 3 | Statistically significant results of pairwise analyses examining predictors of perceived conflict reports.

Perceived livestock attacks

Variable Mean p-value B Test
Gender
Male 1.725 0.001 Wilcoxon signed-rank
Female 1.13
Visited LNNP
Yes 1.41 0.001 Wilcoxon signed-rank
No 0.82
Education level 0.002 0.157 Im
Nighttime livestock guarding
1.289 0.064 One-way ANOVA
1.484

Predictors of Perceived Conflict/Risk and

Attitudes Toward Carnivores

Gender and national park visitation were the strongest predictors
of the number of conflict reports (Table 3). Pairwise analyses
showed that livestock owners who have more children were less
likely to indicate more perceived livestock attacks on the map (8
—0.101, p < 0.05). Livestock owners with a higher education
level were slightly more likely to report more conflict events on
the map (8 = 0.157, p < 0.01). On average, men reported higher
numbers (X = 1.725) of perceived livestock attacks than women
reported (x = 1.13, p = 0.001). Unexpectedly, participants who
had visited the national park were likely to report more perceived
livestock attacks (x = 1.41) than participants who had not visited
the park (x = 0.82, p = 0.001). If a participant guarded their
livestock at night, they reported slightly fewer livestock attacks (x
= 1.289 livestock attacks) than those who did not actively guard
their livestock at night (X = 1.484), though the result showed low
significance (p = 0.064).

When asked whether they feared risks to children from
carnivores on their children’s way to school, people who actively
guard their livestock at night (X? = 6.1274, p < 0.05) or whose
children walk to school [which is 86.2% of participants who had
children] (X? = 4.3355, p < 0.05) were more likely to perceive
risks to children. Carnivore species feared as risks to children
were spotted hyena (34.4% of participants), leopard (33.9%), lion
(27.5%), and black-backed jackal (20.1%).

Attitudes Toward Carnivore Conservation
Main Predictors of Attitudes

Education, national park visitation, and whether participants
guarded their livestock at night were the strongest predictors of
attitudes toward carnivore conservation (Table 4), with 70.8% of
participants believing that spotted hyenas should be conserved.
According to pairwise analyses on attitudes toward spotted
hyena conservation (as a proxy for carnivore conservation more
generally), if a participant had visited the national park, they
were more likely to have positive views of hyena conservation
than if they had not visited the park (Fisher test, two-sided, p
< 0.001; Figure 6A). Additionally, if a participant’s child had

visited the park, they were more likely to have positive views
of hyena conservation (Fisher test, two-sided, p = 0.001). This
was true despite 82 participants in the latter group (i.e., 44%
of the 186 participants with children who have visited the
national park) never having visited the national park themselves.
Attitudes toward hyena conservation were also more likely to be
positive with increasing education level (8 = 0.3241, p < 0.001;
Figure 6B), and for livestock-owning participants who actively
guard their livestock at night (Fisher test, two-sided, p < 0.01).

If a participant owned any species of livestock, they were less
likely to believe hyenas should be conserved (Fisher test, two
sided, p = 0.01). Participants who self-identified as farmers and
herders for their primary livelihood (Fisher test, two sided, p <
0.01), or said their children face risks from carnivores on the way
to school (Fisher test, two sided, p = 0.01), were also considerably
less likely to report positive attitudes toward hyena conservation.
Participants who owned at least one shoat in particular were
significantly less likely to believe hyenas should be conserved (8
—0.322, p < 0.01), and cattle owners followed the same pattern
—0.5011, p < 0.01).

B

Reasons for Positive and Negative Attitudes Toward
Hyena Conservation

Participants who said it was important for spotted hyenas to be
conserved believed this due to ecotourism (83.3%), ecological
reasons (43.2%), cultural reasons (15.2%), or other reasons
such as for children to view in the future (“For the next
generation”), or because hyenas were created by God (“They are
God’s creatures”). Participants who said it was not important for
spotted hyenas to be conserved largely believed this due to the
species’ role in livestock attacks (89%), attacks on people (38%),
or belief that hyenas are a bad omen (11%).

Of participants who supported hyena conservation, if the
participant was older (8 = —0.2003, p < 0.01), owned higher
numbers of cattle (8 = —0.3439, p < 0.05), or owned higher
numbers of shoats (f = —0.2372, p < 0.05), they were less likely
to say that ecotourism money was the reason to conserve spotted
hyenas. Women (X? = 4.1778,df = 1, p < 0.05), participants with
higher education levels (8 = 0.2279, p < 0.001), and participants
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TABLE 4 | Statistically significant results of pairwise analyses examining predictors of attitudes toward spotted hyena conservation.

Hyena conservation p-value B Statistical test

Visited LNNP Yes No Fisher test

Yes 127 (48.1%) 34 (31.2%) <0.001

No 137 (51.9%) 75 (68.8%)
Child visited LNNP Fisher test

Yes 140 (53%) 45 (41.3%) 0.002

No 103 (39%) 61 (56%)

No children 21 (8%) 3(2.7%)
Livestock ownership Fisher test

Yes 227 (86%) 98 (90%) 0.017

No 37 (14%) 11 (10%)
Shoat ownership Fisher test

Yes 210 (79.5%) 90 (82.6%) 0.01

No 54 (20.5%) 19 (17.4%)
Education level <0.0001 0.324 Logistic regression
Nighttime guarding Fisher test

Yes 111 (42%) 44 (40.4%) 0.007

No 115 (43.6%) 54 (49.5%)

No livestock 38 (14.4%) 11 (10.1%)
Fear risks from carnivores on child’s way to school Fisher test

Yes 145 (54.9%) 47 (43.1%) 0.011

No 45 (17%) 26 (23.9%)

No children in school 74 (28%) 36 (33%)
Fear lions on child’s way to school Fisher test

Yes 83 (31.4%) 21 (19.3%) 0.034

No 107 (40.5%) 52 (47.7%)

No children in school 74 (28%) 36 (33%)
Primary occupation: Farmer/herder Fisher test

Yes 144 (54.5%) 77 (70.6%) 0.007

No 120 (45.5%) 32 (29.4%)
Livestock owners
# of shoats owned 0.004 —0.501 Logistic regression
# of cattle owned 0.003 —-0.322 Logistic regression
# of donkeys owned 0.012 -0.725 Logistic regression

whose children had visited the national park (X? = 7.9898, df =
2, p < 0.05) were more likely to report ecotourism money as a
reason to conserve spotted hyenas.

Meanwhile, participants who had visited the national park
were more likely to report ecological reasons to justify why it
was important to conserve spotted hyenas (X? = 4.637, df = 1,
p < 0.05), as were participants with higher education levels (8 =
0.1351, p < 0.05).

DISCUSSION

This study used a uniquely interdisciplinary dataset to advance
our understanding of the social and ecological drivers of human-
wildlife conflict. Our analyses provided three main conclusions:
(1) verified and perceived conflict exhibit quantifiably different
spatial patterns, (2) information from verified conflict reports

may be tied to anthropogenic ecosystem changes, and (3) park
visitation, education level, and gender may be strong predictors
of risk perceptions and attitudes toward carnivores, and can thus
serve as conservation targets or mechanisms for managers in
conjunction with spatial information.

Mismatch in Perceived and Verified
Conflict

There were clear spatial differences between the perceived and
verified conflict datasets. Areas of mismatch between verified
and perceived conflict density comprised ~20% of the conflict
study area, with clear local regions where conflict skewed toward
perceived or skewed toward verified. Though the effect was
slim, NDVI was positively correlated with perceived conflict
and negatively with verified conflict. This could be due to
overinflation of perceived conflict in highly vegetated regions that
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FIGURE 6 | (A) Frequency of participants answering the following questions: (1) Do you actively guard your livestock at night?, (2) Have you ever visited Lake Nakuru
National Park, and (3) Do you think it is important to conserve the spotted hyena? Livestock guarding (o < 0.01) and park visitation (p < 0.001) were two of the most
significant predictors of attitudes toward spotted hyenas. (B) Proportion of participants with varying education levels answering the question “do you think it is
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carnivores could be more likely to use as habitat (e.g., Kolowksi
and Holekamp, 2006; Thorn et al., 2012; Broekhuis et al., 2017).

Road density, meanwhile, was positively correlated with both
verified and perceived conflict. This could be because where there
are people, there are more roads, and in this region human
population density is increasing due to a boom in immigration
(Were et al., 2013). Because wildlife in this densely developed
area are likely more nocturnal (Gaynor et al., 2018), people
are likely experiencing carnivore conflicts at night near their
homes (Ugarte et al., 2019), rather than during the day while
animals are out to pasture in open or less road-dense areas.
However, there is also broader literature showing that isolation
of people from nocturnal animal activity may reduce conflict
(e.g., Carter et al., 2012b), so further research is needed in
this area. As we consider carnivore management in increasingly
human-dominated landscapes, it is important to take into
account how human activity and infrastructure is correlated
with concentrations of conflict risk (e.g., Said et al., 2016), and
translate these findings into thoughtful conservation-friendly
infrastructure development.

While many people in our study reported using tools for
nighttime livestock protection, livestock guarding was not a
significant predictor of spatial patterns of perceived conflict. This
aligns with our understanding that many HCC interventions are
implemented without evidence of their effectiveness (Moreira-
Arce et al., 2018). However, people’s beliefs about two factors—
-wild prey availability and carnivore-related threats to children—
-correlated with spatial patterns of perceived conflict that was
reported despite guarding efforts. Similarly, spatial trends of
perceived conflict and their correlates were evident for regions
where people still perceived livestock depredations despite their
positive attitudes toward carnivores. These analyses can help
us to understand not only what might compel people to over-
report conflict, but also which regions to target for locally-specific
drivers of conflict.

Trends in Verified Conflict

Verified human-carnivore conflict reports in Nakuru County
exhibited several trends that ran counter to our predictions and
may be a result of anthropogenic ecosystem change. For instance,
seasonality was not a strong predictor of verified conflict, though
the verified reports skewed slightly toward the dry season. This
runs counter to a common belief that wildlife are able to
disperse more widely during the rainy season in arid ecosystems
(Koziarski et al.,, 2016), but correlates with reports of wildlife
leaving fenced protected areas more frequently in the dry season
(Kesch et al., 2015; Wilkinson et al., 2021).

Despite being one of the most abundant carnivore species in
the region, black-backed jackals were not reported in the verified
dataset. This result matched with the perceived data regarding
participants’ fears of carnivore-related threats to children on
their way to school; jackals were the species least likely to be
feared by participants. However, jackals are known to prey on
vulnerable young livestock (Kamler et al., 2012), and have been
seen doing so in this particular study area (author observation).
Additionally, verified reports attributed to serval increased while
leopard reports decreased. Because of the rapid development
and deforestation in the region over the past decade (Mubea

and Menz, 2012), it is possible that this trend is evidence of
mesopredator release following declines in leopard populations
(Prugh et al., 2009). While reporting bias and understaffing may
have resulted in a limited verified conflict dataset from which to
draw conclusions, the dataset’s length of time and consistency of
collection likely overcame these biases when assessing these basic
trends. Future research on HCC should look more deeply into
ecological and social drivers of observed trends in verified reports
to better inform conflict management and to provide insight into
broader ecological trends in conflict-prone regions.

Predictors of Perceived Conflict, Perceived
Risk, and Attitudes

Visitation to Lake Nakuru National Park was one of the strongest
predictors of lower perceived conflict, less perceived risk, and
positive attitudes toward carnivores. This held true even if
the participant themselves hadn’t visited but their child had.
Educational efforts regarding conservation are known for being
frequently touted, but rarely evaluated (Tomicevic et al., 2010).
Our results could be an important data point regarding the
effectiveness of environmental education in communities dealing
with conflict. This result is especially surprising given the intense
immigration into the region; it is possible that visitation to
the national park can drive formation of a “sense of place”—
or connection to the environment in this region—and thus
a stronger connection to wildlife. Sense of place (Hausmann
et al,, 2016) is solidified when people are young, which could be
influencing the strength of the effect of children’s national park
visitation. Importantly, domestic tourism is not only important
for connecting people with their protected areas, but is also
one of many ways to address sub-Saharan Africa’s over-reliance
on international tourism which is subject to collapse during
stochastic events such as COVID-19 (Lindsey et al., 2020). Kenya
and other countries with similar reliance on tourism revenue
could take these results as another benefit to enhancing their
domestic tourism infrastructure to make protected areas more
accessible to its citizens and particularly the local communities
living near conservation areas (Sindiga, 1996; Okello et al., 2012).

While national park visitation could be influencing people’s
wildlife-related knowledge, formal education level was arguably
the strongest predictor in our perceived conflict and attitude
models. Our results show that having any amount of primary
school education made a participant more likely to have positive
views toward carnivores, and less likely to report perceived risk of
livestock conflict. This aligns with other studies that have found
education levels to be linked with positive attitudes and reduced
risk perceptions regarding carnivores (Holmern et al,, 2007;
Dressel et al., 2014; Knopft et al., 2016; Koziarski et al., 2016).
However, nearly 15% of our participants reported having received
no schooling, which could be due to the lack of compulsory
education during the schooling years of older participants
(whereas now basic education in Kenya is compulsory and free),
or in part due to school accessibility and transportation. In
this region, some primary and secondary students are known
to walk long distances to attend school (author observation).
Education is an avenue for learning about the environment
and perhaps changing attitudes toward wildlife (Tomicevic
et al, 2010). The strong link we see between education and
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perceptions of carnivores and conflict may be an additional
compelling argument for increasing access to basic education
and conservation awareness programs where communities are
sharing landscapes with carnivores.

Lastly, across education levels and park visitation rates,
gender played an important role in predicting the nature of
perceptions and attitudes. For instance, women were more likely
to voice that money from ecotourism was an important reason
to conserve spotted hyenas. This could be because in many
parts of sub-Saharan Africa, women serve as crucial links from
the community to the national parks and reserves through
selling handmade crafts and food to tourists (Twining-Ward
et al,, 2018). In fact, women participants in this study often
enthusiastically reported they would “benefit from wildlife if we
were able to sell our [goods] to tourists,” even if they hadn’t yet
had the opportunity to do so. Notably, women also reported
fewer perceived conflicts than men (i.e., less likely to over-
report, and/or differences in daily experiences; Gore and Kahler,
2012), which could further reflect their importance as a specific
demographic to target for co-created conflict solutions.

CONCLUSION

Human-carnivore conflict is a global challenge that is influenced
by synergistic ecological and social dynamics. This study
quantified differences in verified and perceived conflict and
identified predictors of those differences. Despite the high levels
of perceived conflict reported by interviewees, participants had
largely positive attitudes toward carnivore conservation, even
though there has been increased immigration into the region
and a considerable subset of our interviewees were not long-term
residents. Previous research has shown that the longer a person
resides in the area, the more positively they feel toward certain
species of large carnivores (Mkonyi et al., 2017), but our findings
demonstrate more nuance in this than originally thought.

We were able to explore complexity in patterns of conflict
using spatial analyses to understand where verified and conflict
datasets diverge, what socioecological factors might predict
spatial patterning in conflict reports, and which correlates
of perceived conflict are more important in particular local
regions. Our results provide empirical evidence to reinforce
the understanding that working with communities to explore
these mismatches can promote socially just and sustainable
management of human-carnivore conflicts (Redpath et al,
2013). Additionally, our findings highlight the fact that land
subdivision, fragmentation, and fencing within the landscape
should be addressed through inclusive spatial planning to avoid
exacerbating conflicts while supporting conservation measures
and local community livelihoods (Said et al., 2016). Future
research on human-carnivore conflict in developing landscapes
should recognize that incorporating participatory methods and
social science with ecological data is critical for inclusivity in
addressing longstanding conservation conflicts and preventing
the emergence of new ones (Weldemichel and Lein, 2019).
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